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" When donor and recipient streins cf Becherichisa coli were 
added to columns containing Cellex-P (a cation-exchange celluloses), 
mare chan 80% of the female celle peseed throuch the cciugm but 
only il, ox lease of cha emle cells wera eluted. Rowever, vhen 
donor strains ware blended pricr to thatr addition to the column, 
the wajority of these cells ware eluted. These results indicated 
that the filamentous appendages termed F pili (which are removed 
by blending) were raspousible for the adherence of donor ceils 
to the cellulose, 
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L. _mpauucriowe 


Phenotypic variaticte aTe xrowe cy 2x.:5¢ batween tha Cwo mtting types 
becterfa., In 1956, Maveersaro and Commilt* reported thet douse and 
eer eiveing sf eee R& 354) 3-12 differed ia theiz ecid aggiuiion. 


tien point and in their aifiniiy for basic dyes. In all inatances, tis 


recipient (7"} ouganisse wore found to be gore aleccromegatively cherged - < 

then the donor (7) w.rziug. tsequvasty, the aviptenca of tag f* anttges fo 
ee dedemgtrated in Bir emi Fo strsine: this autigen was found to ecorr.spond : 

to the acu] filamantcva eppain gs Comsed B pili, Ja addition, Smesth eo 


every Lederbsig Rave DORON CFA ed ile anloteace of & por lodate-senditive Be 
siceda) og the aurfece of Mis and vt calle. 


Bacsuas chee: phecotypic diffurances are expreseed at of near the 


1 
coli paciphery and appear to iter che surface charge, we davised a one- i 
ctep column chromatigrephic mtnoa for separating the tro mating types, 1 


A. BACTERIAL STRAINS 
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The organisms used in thir atudy and their sources sre listed in — 


Table 1, Gtrain W1485 FT 18 an acridine orarge - ot derivative 
mS of W1485 (Falkow). tHe obtained F” strains from and EB 11 after 
epaxreansous segregation or the F-lac erisocme. 
- TABLE 1, ESCHERICHIA COLI STRAINS 
es Strais. Sax Type Source 
ine RB. coli R12 Wises r* Falkow 
~ Z- col W485 | ne . Falkow 
‘ BE. colt Wlaas — Lord Falkow 
. &. coli 2 2 Fiat oe Hfr Jecob and We. san® 
R. coli ; F' (pro A* pro BY lact) | Curtier 111 
g. coli 646 Authors 
BE: golj B HB 110 F'lac Boyar 
E. coli B HB ll. -» ae Aa oy, Authors 
* This report should not be used as a literature citation in material to be 
published {n the open literature. Readers interested in referancing the 
information comtained herein should contact the senior author to 
ascertain when and where it may appear in citable fore. 
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B. MEDIA 
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Liquid medium war Difco brain heart infusion broth (BHI). Solid media 
Coasinsieg vi Mil Wit Cire adaition of i.5% ager {Difeo) or Lactose medium,” 
to facilicate the assay of F' jac * and PF’ (iec”} clones, 
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C. COLUPGH PREPARATION 


; Owe gran of Cellex-F {Bio-Rade). & cBtion-exchange ceilulose, was 

- petmitted to swell in 100 ml or O.1 M eth ‘lenadiam{neretraacetic acid 
(EDTA), po 6.6. A sepali plece >* glass wool was inserted in che dase of 
a clase column (15 by 300 mm) Lor support, and 70 ml of the swollsn 
cealluloea were transferred to the column and allowed to set le by gravity. 
The flow vate after pecking wis approximacely 3 ml/mta, 


D. GROWTH COMDITICN AND COLUMN ELUTION 


‘Each of the atraios Listed in Table i was grown aeurczically for 18 
houre in 5 ml of BAI at 57 C. Bach culture was diluted with an equal 
volume of 0.1 M EDTA, pH 6.8, and 1.0 ml of chis mixture was added to the 
column, allowed to drain into the reain, and then followed vith 10 al of 
0.1 M EDTA, pl 6.8. The eluste wes collected and diluted in 0.15 M MC] 
and the apptop iate dilutions were plated and incubated owernight at 37 C, 
Viable counts also were made from a Peres of each culture cnet did not 
go througn the column. 


£. RECOMSTRUCT ION EXPER IMENTS 


Equal portioca (0.5 al) of strains xo*6 and oi P" vere mixed in 
1,0 ml of O.1 M EDTA, pw 6.8. Crea millilicer of thie mixture was 
iecmediately added to a columm and eluted. The eluata was collects: and 
appropriate dilucious were plated om lactose mediva, 


* Bio-Rad Laboratories, 32nd and Griffin Ave., "ichmond, Calif. 
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‘Poen individual overnight cultures of female or omle bacteria were 

diluted .n 0.1 M ROTA and added to the caticm-exchange celtulose, mots 
than 60% ct che femla calle phesad the ough the colar: but only 11% or 
less of the sale celis sere glited (Tehla 2). The analy exception ma 
strain Wi485 carrying RLF. “ie result was aot unusce” beceuse most 
orgenise that harbor & factors are of rhe ees ee 

TABLE 2 ELUTION OF DC "OR AMD RECIPIENT BACTERIA PROM CBLLAX-P COLIMOES 

Total Colomy-Forulng Units 
Mat ing Recovered 

Strain Type Before Column ter column Recovery, % 
%. coli Hfr eyes = Melc 5.3% 10 1.5 x 10? 2.8 

E. coli w1485 Me Le 1,8 x 109 3.0 x 107 1? 

EZ. colt W495 Fem le 1.0 « 107 9.2 x 108 92.0 

E. coll x Me Le 5.6 x 108 5.5 x id? 9.8 

L. colt yO46 p- Fema le 5.5 x 108 4.9 x 108 ai. 

Z. coli 3B HB 11 Me Le 1.7 x 10? 1.9 x 108 Vise 

E. coi BMB IL F-  Pemele 2.0 x 10° 1.8 x 10? 90.0 

E. col’ wiass Male 2.6 x 108 2.1 x 10% 80.8 


A. SEPARATION OF MATIMG TY FES 


When mixtures of straio YO*5 and x°*5 F- were added to Collex-P cad 
aiuced, a cignificant seperation of the two mating types was cbhtained, 
Tre resulrs oc a typical experiment (Table 3) showed that 0% of the donor 
calle within the mixture were retained by the column and aha rs : 
90% of the tote? F” celle wera eluted, 


TABLE 3. SEPARATION OF DOSOR FROM RECIPIENT CELLS 


Total Colonmy-Forming Onits 
Recovered from Mixture 


St7ain ; Before Column after Column Recovery, 2 
ee leet) 1.4 x 10° 14x10 —— 10.0 
i (tac) 1.7 x 109 - 2.5 x 10°  * 86.2 
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Bk. SPECIFICITY OF DOR SOB 


Fecause periodate treatment is known to interfere with afr aad Ft 
virility by interecting with carbobyirate at -be call surface.” mertodrre 
Migmt @iter the owarasil charge of the domo ceil and change its affinicy . 
for Cellax-F. Yo test this possibility, an overwight culterz: of Bfr Iayas 
_ + wae treaced with periodate according te ihe pidtcanete denrriped by Smpagh 
Ges oy ae and Ledesberg before the culture wes sdded to the colum. Scrh createact 

did not significantly alter the elution pattern of ths domor etrain. 


ae ROLE OF F PILI 


An obvious powsibilicy Syancasiute for the. aelective retantion of doagor 
celle was the F pili produced by da or celle bot oot produced by recipient 
cells, . Pecause F pili regemeration takes place resdily st. 37 © S* un 
at 5 C,? an overnight culturo { straim W1A85 was cooled to and blonde’ 
at.5C for $ wloutes in a Sorvall Cami-Mixer, sod @ sample was added to 

_the resia aod eluted, A6 unblerded samples servec as a control. 


The results of the axperiment (Table &) showed chat without blending, 
39% of the donor cells were retained by the colum,. but after blending, 
only 281% of the donor celle were retained, indicating that the 7 pili 
were responsible for the male population adhering to tha coluz. 


TABLE 4, . SFFECT OF PLEMDIMG CM ELUTION OF E£, COLI #1485 
ae ee FROM CELLEX-P COLIMGES 


Total Mumsber of | 
Tree tment Colony-Forming Units 


Blended Column tec ovrated Racovery, © 
e = 3.6% Loe 
é + 4.0 x 1¢ ‘ea 
| + 26x 108 | 72 2 


To detarsine the wiasbility of donor caiis retained by the resic, the 
Cellex-P-donor mixture was removed from the colum virts § ml of broth 
aod coolsa cc and bleoted at 5 C; appropriace dilutions ware plered. 
Recoveries rarging from 70 to SOL were obtained, triicating that Cellex-? 
hed itttle or no affect om conor viabilicy. 
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ars Sat Feeeal or tails invéesiigsiinm is discewary @& Li emrichmeet of 
ont mating cope (7°) over the other (Hfr, Ft, ar Fp. Wace dvacr and 
Tectptenr cells were added (individually ar ie mixtures) to colwmms com 
setaing Celier-P, OO% of the tooor catis ware retalaead by the cotive- 
exchenge caliulosea. Om the other bend, cwprotimcely $0% ot tie reciplant 
Celis were eliced,- oP es "5 


The elotice emttern of denor strains caa be sltered by high-spesd 
blecding, ftadiceting that the bile-epecific appandages termed F pili are 
Probably responsitle for the reten-.on of the esles by the colwan. The 
F pili may be physivally emtangied withio rather thes ionically adsorbed 
to the cellulose, because increases in salt concemtration or changes Lo 
pa did not alter che elution patcern of éomor bacteria, 


, 
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- Straic W1485 RIF did nor exhibit the same retention characteristics 
_ as the other donors (Teble 2), a result that can be explaimed oa the : 
- > > baate of F piltaciou. Those orpiniems that contain « functicoal apie cme 
. - ‘Cone Chat {6 derepressed) are capable of producing F pili chet, im turn, 
cause Cha cells Co be retained sy the callulose. Om the other mead, - 
organiome that berbor a rawessed xpirome fail to produce thes: sppeadages’” 
acd are eluted. Because of a lick of agglutinatiow of WiA85S BTF calle with 
| ancleer.@ to F pili, this strein 2ppeare to contain » repressed 2 factor. 


Kvcausea Callex-? appears relecciveiy to seperate mile calle fram 
female celis (or from represzet mile celia), thi Procedure usy prove tu 
ba advaatagecsus for (i) {eolaiiog raxe durapransod calls from a repressed 
culcura, (113 devermixing toe azpreasion prciod for * pili formation, sad 
(141) enriching tar reripteat celiz femediaialy after they hewe acquit ad 

. genetic wmteria! free deomer strains, ad ; 
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the cul talar receptor for the R¥A phage fr. Bol. Gam. Genst. 


tn tines, Seale re. a, = en — 


eosrrol af pacterial pili and a molecular ende) for BWA nod WA 


a bacteria. bcedemic Press, tw York. 
eye ti, Z.; Mepoell, G.c.; Berra, BH. 1968. Beylogencti- 


-bubctetial plesmids. Becteriol. Sev. 32:55-83. 
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